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INTRODUCTION

s was the second of two studies undertaken to compare the thermorezulatory responses to cold
betwween ifvmales and males  Prevously. we tound that gender-reiated corrections o prediction
models of thermoregulaton m the cold are net required provided that the models take body fatness
mto account i the present study  sse compare the shivermyg charactenistics betwesn temales and
males exposed 1o a less stresslul cold conditton Specitically, the onset of shivering and the
coninibubion of various muscle aroups 1o overadl shiverng heat producton are examumed

MATERIALS ANDMETHODS

Ciltesn young and fit females (see Table | below body fat was esumated via body density by
hvdrostatic werghing) parucipated m this study The expenimental procidure used 1s dewnled in
Bell et al {1} and Tikusis et al [2] Data from the previous cited study on ten males (aiso tabled
below) were used to compare the results of the present study Subjects abstained from aleohol for
48 hand tasted for 12 h before the tial and did not exereise within 24 b of the mial Following
wstewmenation and daschine measarements of mewbolc rate and muscle clectromy ographic
activity the subjects were exvposed o H0°C air and =46% relative humudity for 2 hin a supine
pesition Al values reported are mean = SD

Fable T Subject characteristics {mean £ SD): all values between genders are significantiy different,

Gender n Age (yo) Mass (kg Ht{cn) SA (o) BE (%)
male 10 351 =49 773 =104 179 =6 (97 =0 {4 126=514
female 15 28063 639 =87 165 =3 176 =012 232zx438

“ectal (using a rectal probe focated {3 cor past the anal sphuncter) and skin temperatures ¢ 2-point
s~iemt). and heat Hux were measured continuously and averaged cach minute. The metabolic rate
B was deternuned from the respiratory gas exchange measurements of oxygen consumption

wocarbon dioxide production rates measured continuously throughout the exposure with the
~~pron o 10 min breaks every half hour

soemragraphic (EMG) electrodes were placed on six muscle sites represenung the trunk and
faaectorals mggor (PEY rectus abdomims {ABY Diceps brachu (BB) brachworadialis (BR),
<niocs (FE), and gastrocnemuus (GA). Subjects pectormed a series of voluntary sometric
“owttona with cach num.lu. so that a regression of EMG agarnst force could be zstablished tor
Lrect Atter performimg a manimal voluntary contraction (MVC), subjects were then ashed
s contractions at 300 200 and 10% and 3% of the lughest MVC  Durning the 2 h cold air
e the mtegrated EMG was averaged over cach munute, but the 3 mm intervals around the
“eak fevery 13 nun) were not wicluded i the analysi. Resung EMG was subtracted trom
Yot provide only the shinering component denoted as EMGy,. The relauve shivering
viv obtuned by dividing EM G by the EMGaye (also with the resting component
“Uihe muscle A whole body indes ol shivering mtensity (SUML expressed as a
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Gender n Vae (1) Yhass N2 Hiicom SA ) By g
male 0 23i=40 TT3 = d 179 =4 P97 =004 29=34
female 1S 280 =263 RRITEE_ I In3y =3 [7A =312 232=43
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fimibs poectorals mager (PLY rectus avdorin 0ARY breops brachn (B13) brachioradial s 12R)
rectus femorss (FE). and gl:mmnc::m:: SONE Subiedty perfunmed 4osertey OF LOILDIANY oriele
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cach subject After performma a manimal voiuntary contraction (MY O supjects @2 en ashed
o nroduce contractions at 30 20 and 10%s ond 3% of the mghest MVC Durmg tue 200 cold air
ayposure, the integrated EMG was averaged over each nunute. but the 3 mim iotersals around the
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percentage) was subsequently detemuned by multiplyving the relative shivering intensities by the
mass (m) of cach corresponding muscle (1 = | to 6)

SUM =100 X m, (EMGshi /EMGaive), (h

Muscle mass factors used (see Ref [1]) were 0 34 tor PE (upper trunk), 0 19 for AB (lower trunk),
0 06 for BB (upper arm), 0 035 tor BR (lower arms), 0 29 for FE (upper legs). and 0 085 tor GA
(lower legs) Finally, a specific muscle’s contribution to overall body shivering (%Contribution)
was determined by dividing the relative shivering intensity of that muscle by SUM  Significant
differences were determined using a paired t-test at p <0 05

% Contrbution, = m, (EMGsp, /EMGumve)/SUM (2)
Shivering onset was characterized by the half-time (t;2) of the shivering response
EMGspn = EMGy- {1 — exp(-0 693 t/ti2)] {3)

where EMG;; represents the steady state shivering level (assumed equal to the mean EMGsp,, over
the last 15 min of the 2 h exposure) The above equation was first regressed against the male data
(mean of l-mun values) for each muscle separately This regression was then repeated for the
female data using the male-fitted values of t;;» as the initial estimate ot the half-time The F-rato
test at p < 0 05 was used to determine whether the regressed fit of t;;; was significantly different
between genders

RESULTS

There were no gender differences in Ty, the metabalic response to the cold (normalized by body
surface area), or the resultant heat debt (129 £ 32 and 125 £ 32 W-h-m? for females and males,
respectively). There was, however, a significant transient rise in Tr in both genders durnng the first
45 mun of exposure and a slow decrease thereafter. However, the mean T, after 2 h of exposure
(37.00 = 0 30°C) was sull significantly greater than the pre-exposure value (36.86 + 0 19°C) MR
increased tn both genders for the tirst 90 min of exposure and then leveled off (consecutive 30 min
values were 594 + 126,651 £ 116, 76.8 + 164, and 778 + 14 8 W-m'®). SUM also increased
sigmificantly and strulaniy to MR (corresponding 30 min values were 3.49 + 2 34, 4 88 + 284,
637 £ 404, and 6 17 £ 3 63%) Figure | illustrates the relationship between SUM and the
shivering component of MR (expressed per kg of lean body mass) for the females The positive
correlation establishes the validity of the sites chosen to represent regional shivering activity.

Figure 2 shows the half-imes of shivering onset. Males exhibited a lower t;2 (indicaung a faster
rise to steady state) than females in FE (234 £42vsd45277min)and AB (5 1 £ 1.3 vs {40+
2.0), but a hugher value mPE (198 % | 6 vs 10.9£1.5), BB (48058 vs 309 =3.5), and BR (679
+154vs354+48) There was no significant gender difference in the shivering onset of GA.

In femnales, there was no significant difference in the contribution to SUM between PE (48 £ 28%)
and AB (36 £ 27%), however, each of these muscles contributed significantly more to SUM than
any of the peripheral muscles. There was no significant change over ume of exposure in the
%Contribution of a given muscle to SUM
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Figure 2 Mean (£ SD) half-imes of shivening onset for each muscle group in males and females
exposed to 10°C air for 2 h (* indicates a sigmificant gender difference)

CONCLUSION _

Although gender differences in the regional onset of shivering and contribution to overall heat
production were found in this study, these differences did not cause ditferences in the changes in
deep body temperature or heat debt. [t was speculated that this was due, in part, to cancellation
effects of regional differences in fat distribution and shivering activity  Perhaps under more
challenging cold conditions, ditferences 1n shivering charactenstics might lead to significant
differences 1n thermal stram [t would be prudent, therefore, to incorporate regional values of
shivering onset and heat contribution 1n models of thermoregulation for completeness.
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